Objective: The present meta-regression pools data from reports of long-term follow-up (>2 years) to assess durability of the efficacy associated with Rouxen-Y gastric bypass (RYGB) surgery. Data Sources: Medline and PubMed searches for articles pertaining to longterm weight loss after RYGB surgery were performed. Background: Various studies have consistently shown short-term (<2 years) efficacy of RYGB surgery for morbid obesity, corroborated by meta-analytic techniques. Relatively few studies have assessed efficacy over longer periods of time. This is the first meta-analysis to analyze long-term effects of RYGB surgery on weight loss. Methods: Twenty-two reports with a total of 4206 patient cases were included. Sixteen of the 22 studies had multiple follow-up times, ranging from 2 to 12.3 years (mean: 3.6 years). An inverse variance weighted model and metaregression were used to generate the pooled percent mean excess weight loss (EWL) and the durability of EWL over time, respectively. Results: Meta-regression did not reveal any significant change in EWL over time. Pooled mean EWL was 66.5%, and there was no significant association between EWL and length of follow-up. Conclusions: Pooling data from multiple studies meta-analytically revealed that weight loss after RYGB is maintained over the long-term. Further investigation would be necessary to ascertain similar durability in comorbidity reduction after RYGB surgery.
P
harmacologic and behavioral therapies for morbid obesity are rarely effective in producing long-term clinically significant weight loss. 1, 2 Such refractoriness has contributed to the more than 10-fold increase in bariatric surgeries performed over the past 8 years. 3 Using meta-analytic techniques, Buchwald et al 4 have shown that bariatric surgery is associated with substantial loss of mean percent excess weight loss (EWL), ranging from 47.5% to 70%, depending on the bariatric procedure performed. 4 Currently, the most common surgeries performed for morbid obesity are adjustable gastric banding and Roux-en-Y gastric bypass (RYGB). We previously showed in a meta-analysis that gastric banding was associated with a lower complication rate than RYGB (22% vs 33%). 5 However, the success of RYGB compared to gastric banding at achieving 45% excess weight loss at 1-year follow-up (97% vs 30% of surgeries, respectively) overshadowed the effect of complication rate and resulted in better quality of life. 5 Although the short-term efficacy of RYGB is clear, these analyses do not address durability as the majority of studies included report outcomes within 2 years of surgery.
Scattered reports have suggested that weight loss may not be durable after RYGB surgery. 6, 7 There are many possible sources for this including nonadherence to a reduced calorie diet. Weight regain has been associated with a preoperative body-mass index (BMI) greater than 50 kg/m 2 . 6, 8 Moreover, a very high mean EWL at early follow-up may account, in part, for loss of durability given patients tend to gain weight after this nadir loss. For example, one study reported a mean EWL of 89% at 2 years after RYGB surgery, which decreased to 68% at 12 years postoperatively. 6 A small number of individual series have reported outcomes with longer follow-up. This study is the first to assess long-term EWL after RYGB surgery, using meta-analytic techniques to pool data from these individual reports.
MATERIALS AND METHODS
We searched Medline and PubMed in August 2010 for articles with the following medical subject headings: "bariatric surgery," "laparoscopy," "gastrostomy" in combination with the terms "outcome," "weight loss," "follow-up," or "long-term". We excluded publications with outcomes other than EWL, non-English language publications, as well as studies of operations other than RYGB, those limited to subgroups (diabetics, elderly, adolescents, etc), redundant studies (duplicating previously published data as made evident in the respective Methods sections of these reports), or those with follow-up of less than 2 years. We did not attempt to differentiate the long-term effect on weight loss of open versus laparoscopic bypass and assumed equivalent durability. We supplemented the search by reviewing bibliographies of these articles manually and by using the "Related articles" feature of PubMed.
We separated series by duration of follow-up and recorded sample size and mean EWL for each follow-up period. We used an inverse variance-weighted, random effects meta-analytic model to generate pooled mean EWL with 95% confidence intervals. In addition, we tested for durability of EWL over time using metaregression, a technique that combines meta-analysis with regression. 9 We anticipated that several studies would enter data from the same patients repeatedly at different follow-up points. To avoid introducing bias into the result, we performed a second analysis, using a single time point for each included study. We chose the time point in each study at which there was the greatest number of patients. When 2 or more time points in a series contained the same sample size, we chose the longer follow-up time point. To correct for a possible covariate effect of preoperative BMI and patient age, we also performed a metaregression of mean EWL against mean initial BMI and age for each series. We considered differences for which the probability was less
RESULTS
Our search yielded 372 abstracts. After excluding studies based on our defined criteria (Fig. 1) , 22 case series remained, 16 of them with multiple follow-up times. These are presented and cited in Table 1 . There were a total of 4206 cases. When only one follow-up point per series was used, however, the case total was 2317. Follow-up ranged from 2 to 12.3 years as seen in Table 1 and Figure 2 . Mean time of follow-up was approximately 3.6 years.
The pooled mean estimates of preoperative BMI and EWL for the entire sample were 48.43 kg/m 2 (95% CI: 47.24-49.61 kg/m 2 ) and 66.2% (95% CI: 63.6%-68.9%), respectively, across all time points. Meta-regression did not reveal any significant change (ie, deterioration) in EWL over time (r 2 = −0.00045, P = 0.947) as seen in Figure 2 . Nor did initial BMI or mean age at time of surgery have any significant association with EWL (r 2 < 0.00001, P = 0.998 and r 2 = 0.001, P = 0.974, respectively). Results were almost identical when the analyses were limited to a single follow-up point per series as described in the Methods. The pooled mean EWL was 66.5% and the meta-regression showed no significant association between EWL and length of follow-up (r 2 = 0.001; P = 0.897).
DISCUSSION
To our knowledge, this is the first meta-analysis to date that evaluates data from multiple studies to assess the long-term effects of RYGB on EWL. Our previous meta-analytic work has shown significant weight loss after RYGB surgery in the short term (<2 years). 5 Because shorter-term follow-up studies have demonstrated a tendency for weight gain from the nadir loss at approximately 18 months, 10 we performed this meta-analysis to evaluate the durability of efficacy of RYGB after the 2-year follow-up period. Given the enormity and permanency of RYGB surgery, as well as the substantial risk of complications, clinicians and their patients need the best possible data to make informed decisions about treatment options. The present study FIGURE 1. Summary of literature search used in the analysis.
supports that weight loss is maintained after this 2-year follow-up period. Moreover, preoperative BMI and age did not appear to correlate with EWL.
These findings provide support for the overall durability of RYGB in aggregate. Long-term maintenance of weight loss is critical, given previously reported associations between reductions in weight and the severity of comorbidities. For example, Buchwald et al 4 found that at 2 years after surgery, there were either significant improvements in type II diabetes, hyperlipidemia, hypertension, and obstructive sleep apnea.
There are multiple limitations of our study, which deserve discussion. The lack of standardization of RYGB is one limitation, though variation across institutions is common to all meta-analytic studies. RYGB can technically vary in many ways, including size and direction of the pouch, size of the anastomosis, length of the alimentary limb, and open versus laparoscopic approaches. Nevertheless, the meta-regression here suggests that the durability of weight loss is independent of technique. All of the studies included in our analysis used EWL to report weight loss outcomes. Although EWL may be an imperfect measure due to variations in preoperative weight, it is the most widely used metric in bariatric studies. Another limitation is the inability to account for the bias of surgeons' discretion and study heterogeneity. There is a wide variety of factors, including socioeconomic status, race, insurance coverage, and the technology employed by the hospitals involved, which certainly influence outcomes. Our analysis did not account for these factors. There is also a strong likelihood that a loss of enthusiasm for one's surgery or surgeon can be associated with an unsuccessful outcome.
There is publication bias as well, and some of the studies included in our analysis were not randomized controlled trials. The scarcity of such trials necessitated the inclusion of other types of studies in our analysis. There were a limited number of studies with long-term follow-up. We cannot deny the possibility of bias introduced by the tendency of subjects to dropout of studies employing lengthy follow-up periods. It is possible that unsuccessful cases are less likely to remain in these studies. The mean follow-up time of 3.6 years across available studies is another limitation because long-term follow-up should really be considered 5 years or longer. However, regression analysis allows us to evaluate the durability of weight loss after RYGB surgery given the inclusion of other studies with follow-up as long as 7 and 12.3 years. 6, 11 Of note, there are studies, though few, that analyze the long-term effects of weight loss after RYGB surgery. 10, 12 However, we were unable to include them in our analysis due to the lack of employing EWL as an outcome measure. Nevertheless, both of these studies support the present findings of long-term maintenance of weight loss. The exclusion of non-English publications or unpublished data may further introduce bias.
We only included studies of RYGB because we previously found that RYGB was superior to gastric banding, despite a higher complication rate. 5 Our study does not make any conclusions regarding the incidence of adverse effects such as malnutrition, although this complication is more common with biliopancreatic diversion. 13 We also do not directly assess the durability of improvements in medical comorbidities given the wide heterogeneity of the studies included in our analysis. However, future work should rigorously investigate the long-term effects of RYGB and the associated weight loss on these comorbidities. 
